In this study, Abderaz Formation at six stratigraphical sections, in east and center of the Kopeh-Dagh sedimentary basin, has been investigated, based on biserial planktonic foraminifera. Totally, 831 samples, with 3 meter distance, were gathered from a sequence with 2800 meter thickness. Also 4 genera and 17 species of biserial planktonic foraminifera have been identified and two biozones and two subzones recognized. Based on obtained data, the age of Early Turonian-Earliest Campanian for the Padeha, Abderaz village and Shorab sections, Midle Turonian-Earliest Campanian for type section, Early Turonian-Late Santonian for Qarehso section and Early Turonian-Earliest Santonian for Hajgelichkhan section were determined. The least amount of plank-tonic foraminifera was identified at Hajgelichkhan, while the maximum amount recognized at Qarehso section.
Introduction
The Kopeh-Dagh sedimentary basin formed after the middle Triassic orogeny in northeast Iran. This basin began to sink along the major faults aligned in approximately the northwest-southeast direction. Four of these major active basement faults have been identified in the central and western part of the basin. Sedimentation was more or less continuous throughout the middle Jurassic-Oligo-cene in the eastern part of the basin, where five major transgressive-regressive sequences have been identified. [1] concluded that subsidence in the eastern part of the basin was predominantly a result of sediment loading. There is no evidence of major tectonic activity in this region; all formations are conformable, except for a few disconformities within the Cretaceous succession. These disconformities can be related to epeirogenic movement in the basin. All formations in this basin narrow from northwest to the southeast. These formations were folded during the late Alpine Orogeny and formed the structural traps of the Khangiran and Gonbadli gas fields.
The Cretaceous sediments in the Kopeh-Dagh basin are divided into nine different formations, composed mainly of sandstone, conglomerates, mudstone, limestone and dolomite, with minor amounts of evaporate. The thickness of these sediments is normally more than 4000 meters, but the sediment thickness is only approximately 2500 meters in the eastern part of the basin [2] . The Abderaz Formation is one of the main upper Cretaceous successions located in the Kopeh-Dagh sedimentary basin in northeastern Iran. Although the name of the Abderaz Formation originated from the Abderaz village 75 kilometers east of Mashhad, the Abderaz Formation is actually located in Muzduran [3] . Iranian geologists studying this formation in the Kopeh-Dagh sedimentary basin have reported various ages and thicknesses of the formation. For instance, [3] [4] [5] reported thicknesses of 188.5, 522 and 521 meters for the Abderaz Formation at Muzduran the type section. Additionally, [3] [4] [5] reported ages for this formation dating to the Turonian-Santonian, Turonian-lower Santonian and middle Turonian-Campanian, respectively. Furthermore, a Kalantari-and Bozorgnia-based study of foraminifera indicated Turonian-Coniacian ages for the Abderaz formation at Muzduran the type section [3] .
A systematic study of isolated serial planktonic foraminifera for biozonation and precise age dating in four sections of the Abderaz Formation is the major aim of this study. This study also includes a determination of the TuronianConiacian, Coniacian-Santonian and Santonian-Campanian boundaries using planktonic foraminifera, inoceramids, echinoids and ammonites. For these pur- 
Lithostratigraphy
The Abderaz Formation is one of the upper Cretaceous rock formations in the 
Methods
In total, 800 samples were collected from the study areas. Depending on their lithology, the samples were washed using one of two methods. The shale and marl samples were placed in 10% H 2 O 2 for one day after being crushed into small pieces. The residues were then washed with water on screens with 125-and 63-μm meshes [6] .
Chalky limestone samples were ground and boiled in Na 2 SO 4 solution and were then washed with water on screens with 125-and 63-μm meshes [7] .
Biostratigraphy
Seventy-seven species of planktonic foraminifera belonging to 18 genera, and 8 inoceramid species belonging to 5 genera were identified in the Qarehso section.
Sixty-eight species of planktonic foraminifera belonging to 17 genera, 9 inoce-ramid species belonging to 3 genera in the Abderaz village section were identified. Fifty-nine species of planktonic foraminifera belonging to 18 genera, 10 inoceramid species belonging to 5 genera were identified in the Muzduran section.
In the Shorab section, 51 foraminifera species belonging to 16 genera were identified. In the Padeha village section, 43 foraminifera species belonging to 10 genera were identified. In the Hajgelichkhan section, 51 foraminifera species belonging to 16 genera were identified. Some specimens were selected for scanning electron microscopy (SEM), these samples are illustrated in Plate 1. The specimens are housed at the Museum of the Geology Department of the Ferdowsi University of Mashhad. Based on the index species found in this study, two biozones were differentiated, indicating an age range of the lowermost Turonian to the upper Santonian for the Abderaz Formation. In this study, the biozonation schemes of [8] - [18] were used.
The established biozones for the six intervals analyzed in this study are shown to be comparable and correlated with those previously established for the Tethyan realm [19] - [31] (Figure 9 ). These biozones are listed below. (Figures 3-8 ).
Stage Boundaries
Once all micro-and macrofauna in the Abderaz Formation were analyzed, two boundaries (the Turonian-Conician and the Coniacian-Santonian boundaries)
were identified in the Qarehso and Hajgelichkhan sections, while three boundaries (the Turonian-Conician, the Coniacian-Santonian and the Santonian-Campanian boundaries) were identified in the other sections analyzed in this study.
Based on the FODs of of Dicarinella concavata, the Turonian-Conician boundary was identified in the Qarehso section. Based on the FODs of Di. asymetrica, the base of the Santonian stage was also identified in the Qarehso section.
In the Abderaz village section, three boundaries were identified. Based on the In the Muzduran section of the Abderaz Formation, the base of the Coniacian stage was identified just below the first occurrence of Cremnoceramus deformis deformis, whereas the bases of the Santonian and Campanian stages were denoted by the LOD of Marginotruncanids and Ventilabrella austiniana, respectively.
In the Shorab section, the FODs of Archaeoglobigerina cretacea and Dicarinella concavata, were used to detect the base of the Coniacian stage, whereas the LODs of Dicarinella primitiva and the Whiteinellids group and the FODs of Dicarinella asymetrica and Inoceramus aff. vistulensis determined the base of the Santonian stage. The FODs of Globotruncanita elevata and Ventilabrella austiniana and the extinction of the Marginotruncanid group were used to identify the base of the Campanian stage.
Ultimately, six sections of the Abderaz Formation, which is located east and center of the Kopeh-Dagh sedimentary basin in northeastern Iran, were correlated based on planktonic foraminifera in this study ( Figure 9 and Figure 10 ).
Turonian-Coniacian (T/C) Boundary
In 2001, [32] recorded the first occurrence of the ammonite species Prionocyc- loceras milticostatum as an index species for the Turonian-Coniacian boundary.
While the majority of those who study planktonic foraminifera have generally believed that the Turonian-Coniacian boundary cannot be determined based on planktonic foraminifera, others have held that the first occurrence of Marginotruncana sinuosa is an indication of the Turonian-Coniacian boundary [33] [34] [35] . Furthermore, [32] introduced a supplementary planktonic foraminifera species named Muricohedbergella flandrini, which was used for cases in which Dicarinella primitiva was not found. In addition, some authors have argued that the last occurrence of the planktonic foraminifera species Muricohedbergella simplex and Dicarinella primitiva took place before the first occurrence of Dicarinella concavata (Koutsoukos and Bengtson, 1993) . However, the first occurrence of the inoceramid species Cremnoceramus deformis erectus has been used to identify the Turonian-Coniacian boundary [36] [37] [38] .
In a major symposium concerning Cretaceous boundaries held in Brussels in 1995, the FOD of C. deformis erectus was used as a first marker species for the base of the Coniacian stage. Additionally, the FOD of Cremnoceramus deformis deformis has been shown to correspond to the earliest Coniacian stage found worldwide (Dochev, 2006) . In the area analyzed in this study, the first occurrence of Dicarinella primitiva has been detected below the first occurrence of Cremnoceramus deformis deformis. Therefore, the FO of Di. primitiva was dated to the upper Turonian substage. In addition, the first occurrence of Marginotroncana paraconcavata has been dated to the Coniacian-Santonian boundary (Caron, 1985) . In the study areas, the FO of M. paraconcavata took Recently, the Coniacian Working Group (CWG) of the Cretaceous subcommission on stratigraphy recommended that the first occurrence of Cremnoceramus rotundatus, an inoceramid bivalve, be used to define the Turonian-Coniacian boundary [35] . The first occurrence of Cremnoceramus deformis erectus is the primary marker used to identify the Turonian-Coniacian boundary in the literature [36] [37] [38] [39] . C. deformis erectus was not found in the Qarehso section of the Abderaz Formation. The FO of Dicarinella concavata and Dicarinella primitiva was found below the FO of Cremnoceramus deformis deformis in the study sections, so the upper Turonian substage was assigned to the Dicarinella concavata Interval Range Zone in the study area. Consequently, the Turonian-Coniacian and Coniacian-Santonian boundaries have been placed in this zone. In addition, the first occurrence of Cremnoceramus walterdorfensis walterdorfensis has been used to indicate the uppermost Turonian [36] . Cremnoceramus walterdorfensis walterdorfensis and Cremnoceramus deformis deformis were recorded at sample numbers 44 and 45, respectively, and the TuronianConiacian boundary was placed at sample 45 in the Qarehso section. Cremnoceramus walterdorfensis walterdorfensis and Cremnoceramus deformis deformis were recorded at sample numbers 71 and 72, respectively, and the TuronianConiacian boundary was placed at sample 71 in the Abderaz village section.
Cremnoceramus walterdorfensis walterdorfensis and Cremnoceramus deformis deformis were recorded at sample numbers 40 and 50, respectively, and the Turonian-Coniacian boundary was placed at sample 41 in the Muzduran section.
Cremnoceramus walterdorfensis walterdorfensis was recorded at sample number 49, and the Turonian-Coniacian boundary was placed at sample 51 in the Shorab section. Cremnoceramus deformis deformis was not detected in this section. Also the Turonian-Coniacian boundary were placed at samples 72 and 67 respectively in the Hajgelichkhan and padeha village sections.
Coniacian-Santonian (C/S) Boundary
The first occurrence of the inoceramid species Cladoceramus undulatoplicatus has been used to identify the Coniacian-Santonian boundary [40] - [47] . The Santonian Working Group (SWG) recommends that the lowest occurrence of Cladoceramus undulatoplicatus be used as a marker for the Coniacian-Santonian boundary. At this time, the SWG cannot make a formal proposal for a Boundary Stratotype Section because the biostratigraphy must first be better understood and integrated. Three candidates for a Boundary Stratotype Section, Olazagutia Quarry (Navarra, Spain), Seaford Head (Sussex, England) and Ten Mile Creek (Dallas, Texas, USA), have been selected for further study. The primary marker of the Coniacian-Santonian boundary is the lowest occurrence of Cladoceramus undulatoplicatus, which is a taxon that is easily recognizable and widespread. Cladoceramus undulatoplicatus is found in North America, Europe, Africa, Madagascar and Central Asia.
The secondary marker of the Coniacian-Santonian boundary is Sigalia carpatica. This planktonic foraminifera species is widespread in the Mediterranean region of the Tethys. Sigalia carpatica is associated with Inoceramus siccensis and Texanites in Tunisia. In northern Spain (Navarra), this species is found very close to the lowest occurrence of Cladoceramus undulatoplicatus. In the areas analyzed in this study, Cladoceramus undulatoplicatus was not found; therefore, the first occurrence of Echinocurys gr. scutata was used as a secondary marker [40] to identify the C/S boundary. In conclusion, based on the FOs of E. gr. scutata and pillbox globotruncana linneiana (planktonic foraminifera), the Conia- 
Santonian-Campanian (S/C) Boundary
Using of various marine fossil groups to define the Santonian-Campanian boundary differ considerably in relative age and position. The most widely recognized criterion is the extinction of the distinctive crinoid Marsupites testudinarius (found in North America, Europe, Asia, North Africa and Australia), which coincides exactly with two separate definitions of the boundary: the appearance of the ammonite Placenticeras bidorsatum and that of the belemnite Gonioteuthis granulataquadrata. This extinction may also coincide with a third definition of the boundary, the entry of the planktonic foraminifera Globotruncana elevata. The base of magnetochron 33R, generally considered to coincide with, or to fall just above, the base of the Campanian, is shown to lie within the upper Santonian Uintacrinus socialis Zone [48] . In the area analyzed in this study, the extinction of the Marginotruncanid group together with the LOD of Pseudotextularia nuttalii identify the base of the Campanian stage in the Abderaz Village section. In contrast, the FODs of Globotruncanita elevata and Ventilabrella austiniana and the extinction of the Marginotruncanid group were used to identify the base of the Campanian stage in the Shorab section. 
Conclusions
The results of a recent study of four sections of the Abderaz Formation, east and 2) In the Abderaz village section of the Abderaz Formation, which is approximately 556.5 meters thick, 68 species belonging to 17 planktonic foraminifera genera, 9 inoceramid species belonging to 3 genera were recorded. The fossil assemblage in this section covered the lowermost Turonian-lowermost Campanian ages. In the Abderaz village section, three boundaries were detected. Based on the FODs of Contusotruncana fornicata and C. pateliformis, the base of the Coniacian stage was identified. Based on the FODs of Di. asymetrica and Macroglobigerinelloides alvarezi, the Coniacian-Santonian boundary was identified. Finally, using the extinction of the Marginotruncanid group and the LOD of Pseudotextularia nuttalii, the base of the Campanian stage was identified.
3) In the Muzduran section of the Abderaz Formation, which is 400 meters thick, 59 planktonic foraminifera species belonging to 19 genera, 10 inoceramid species belonging to 5 genera were identified. Based on this faunal content, an age of middle Turonian-early Campanian is estimated for this section of the formation. In the Muzduran section, the base of the Coniacian stage was identified just below the first occurrence of Cremnoceramus deformis deformis, whereas the bases of the Santonian and Campanian stages were recorded at the FO of Echinocorys ex. gr. scutata and the LODs of the Marginotruncanids groups and Ventilabrella austiniana, respectively.
4)
In the Shorab section of the Abderaz Formation, which is 360 meters thick, 51 planktonic foraminifera species belonging to 16 genera and 8 inoceramid species belonging to 4 genera were found. This fossil assemblage covers the entirety of the lowermost Turonian-early Campanian. Using the main bioevents in this section, three boundaries were found in the Shorab section: the Turonian-Coniacian, Coniacian-Santonian and Santonian-Campanian boundaries. Based on the FODs of Archaeoglobigerina cretacea and Dicarinella concavata the base of the Coniacian stage was identified. Using the FODs of the Globotruncanid group, Dicarinella asymetrica, the base of the Santonian stage was determined. Using the FODs of Globotruncanita elevata and Ventilabrella austiniana, along with the extinction of the Marginotruncanid group, the base of the Campanian stage in the Shorab section was identified. 5) In the Hajgelichkhan section of the Abderaz Formation, which is 261/5 meters thick, 25 planktonic foraminifera species belonging to 11 genera and 8 inoceramid species belonging to 4 genera were found. This fossil assemblage covers the entirety of the lowermost Turonian-Earliest Santonian. 6) In the Padeha village section of the Abderaz Formation, which is 600 meters thick, 54 planktonic foraminifera species belonging to 15 genera and 8 inoceramid species belonging to 4 genera were found. This fossil assemblage covers the entirety of the lowermost Turonian-early Campanian.
